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METHODS OF FORMING SHEETING WITH 
A COMPOSITE IMAGE THAT FLOATS AND 
SHEETING WITH A COMPOSITE IMAGE 

THAT FLOATS 

FIELD OF THE INVENTION 

The present invention relates to methods of forming 
images on sheeting that provide one or more composite 
images that are perceived by an observer to be suspended in 
space relative to the sheeting, and in which the perspective of 
the composite image changes with the viewing angle. The 
present invention also relates to sheeting that provides one or 
more composite images that are perceived by an observer to 
be suspended in space relative to the sheeting, and in which 
the perspective of the composite image changes with the 
viewing angle. 

BACKGROUND OF THE INVENTION 

Sheeting materials having a graphic image or other mark 
have been widely used, particularly as labels for authenticat 
ing an article or document. For example, sheetings such as 
those described in US. Pat. Nos. 3,154,872; 3,801,183; 
4,082,426; and 4,099,838 have been used as validation stick 
ers for vehicle license plates, and as security ?lms for driver’ s 
licenses, government documents, tape cassettes, playing 
cards, beverage containers, and the like. Other uses include 
graphics applications for identi?cation purposes such as on 
police, ?re or other emergency vehicles, in advertising and 
promotional displays and as distinctive labels to provide 
brand enhancement. 

Another form of imaged sheeting is disclosed in US. Pat. 
No. 4,200,875 (Galanos). Galanos discloses the use ofa par 
ticularly “high-gain retrore?ective sheeting of the exposed 
lens type,” in which images are formed by laser irradiation of 
the sheeting through a mask or pattern. That sheeting com 
prises a plurality of transparent glass microspheres partially 
embedded in a binder layer and partially exposed above the 
binder layer, with a metal re?ective layer coated on the 
embedded surface of each of the plurality of microspheres. 
The binder layer contains carbon black, which is said to 
minimize any stray light that impinges on the sheeting while 
it is being imaged. The energy of the laser beam is further 
concentrated by the focusing effect of the microlenses 
embedded in the binder layer. 

The images formed in the retrore?ective sheeting of Gal 
anos can be viewed if, and only if, the sheeting is viewed from 
the same angle at which the laser irradiation was directed at 
the sheeting. That means, in different terms, that the image is 
only viewable over a very limited observation angle. For that 
and other reasons, there has been a desire to improve certain 
properties of such a sheeting. 
As early as 1908, Gabriel Lippman invented a method for 

producing a true three-dimensional image of a scene in len 
ticular media having one or more photosensitive layers. That 
process, known as integral photography, is also described in 
De Montebello, “Processing and Display of Three-Dimen 
sional Data 11” in Proceedings of SPIE, San Diego, 1984. In 
Lippman’s method, a photographic plate is exposed through 
an array of lenses (or “lenslets”), so that each lenslet of the 
array transmits a miniature image of the scene being repro 
duced, as seen from the perspective of the point of the sheet 
occupied by that lenslet, to the photosensitive layers on a 
photographic plate. After the photographic plate has been 
developed, an observer looking at the composite image on the 
plate through the lenslet array sees a three-dimensional rep 
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2 
resentation of the scene photographed. The image may be in 
black and white or in color, depending on the photosensitive 
materials used. 

Because the image formed by the lenslets during exposure 
of the plate has undergone only a single inversion of each 
miniature image, the three-dimensional representation pro 
duced is pseudoscopic. That is, the perceived depth of the 
image is inverted so that the object appears “inside out.” This 
is a major disadvantage, because to correct the image it is 
necessary to achieve a second optical inversion. These meth 
ods are complex, involving multiple exposures with a single 
camera, or multiple cameras, or multi-lens cameras, to record 
a plurality of views of the same object, and require extremely 
accurate registration of multiple images to provide a single 
three-dimensional image. Further, any method that relies on a 
conventional camera requires the presence of a real object 
before the camera. This further renders that method ill 
adapted for producing three-dimensional images of a virtual 
object (meaning an object that exists in effect, but not in fact). 
A further disadvantage of integral photography is that the 
composite image must be illuminated from the viewing side 
to form a real image that may be viewed. 

Another form of imaged sheeting is disclosed in US. Pat. 
No. 6,288,842 (Florczak et al.). Florczak et al. discloses 
microlens sheeting with composite images, in which the com 
posite image ?oats above or below the sheeting, or both. The 
composite image may be two-dimensional or three-dimen 
sional. Methods for providing such sheeting, including by the 
application of radiation to a radiation sensitive material layer 
adjacent the microlenses, are also disclosed. This patent dis 
closes that images are created as a result of a compositional 
change, a removal or ablation of the material, a phase change, 
or a polymerization of the coating disposed adjacent to one 
side of the microlens layer or layers. 
US. Pat. No. 5,712,731, “Security Device for Security 

Documents Such as Bank Notes and Credit Cards,” (Drink 
water et al.) discloses a security device that includes an array 
of microimages which, when viewed through a correspond 
ing array of substantially spherical microlenses, generates a 
magni?ed image. In some cases, the array of microlenses is 
bonded to the array of microimages. 
PCT Patent Application Publication, WO 03/061983 A1, 

“Micro-Optics For Article Identi?cation” discloses methods 
and compositions for identi?cation and counterfeit deter 
rence using non-holographic micro-optics and microstruc 
tures having a surface relief greater than a few microns. 

SUMMARY OF THE INVENTION 

One aspect of the present invention provides a method of 
forming a composite image on a microlens sheeting. In this 
particular embodiment, the method comprises the steps of: 
providing a sheeting having an array of microlenses and a 
material layer adjacent the array of microlenses; providing a 
?rst donor substrate adjacent the material layer of the sheet 
ing, where the ?rst donor substrate is radiation sensitive; 
providing a radiation source; and transferring at least a por 
tion of the ?rst donor substrate to the sheeting using the 
radiation source to form individual, partially complete 
images on the material layer associated with each of a plural 
ity of the microlenses, whereby the sheeting exhibits a com 
posite image, provided by the individual images, that appears 
to the unaided eye to ?oat above or below the sheeting, or 
both. 

In one embodiment of the above method, the ?rst donor 
substrate comprises a colorant. In one aspect of this embodi 
ment, at least a portion of the composite image exhibits a 
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color similar to the colorant in the ?rst donor substrate. In 
another embodiment of the above method, the method further 
includes the step of: positioning the sheeting and the ?rst 
donor substrate in close proximity to each other prior to the 
transferring step. In one aspect of this embodiment, the 
method further comprises the steps of: providing a vacuum 
source; and using the vacuum source during the positioning 
step to position the sheeting and the ?rst donor substrate in 
close proximity to each other, prior to the transferring step. 

In another embodiment of the above method, the method 
further comprises the step of: providing a gap between the 
sheeting and the ?rst donor substrate prior to the transferring 
step. In one aspect of this embodiment, the gap is provided by 
microstructures. In another embodiment of the above 
method, the individual images are formed by multiple pat 
terned exposures of the radiation source, with the sheeting 
and the ?rst donor ?lm being at different positions relative to 
the radiation source during each exposure. In another 
embodiment of the above method, the method is repeated to 
provide more than one composite image on the sheeting. In 
yet another embodiment of the above method, the composite 
image is a two-dimensional image. In another embodiment of 
the above method, the composite image is a three-dimen 
sional image. 

In another embodiment of the above method, the material 
layer and microlenses are made from the same material. In 
another embodiment of the above method, the material layer 
comprises a polyester and the microlenses comprise an acry 
late. In another embodiment of the above method, the radia 
tion source provides radiation with a wavelength of between 
200 nm and 11 um. 

In yet another embodiment of the above method, the 
method further comprises the steps of: removing the ?rst 
donor layer; providing a second donor layer adjacent the 
material layer of the sheeting, where the second donor sub 
strate is radiation sensitive; and repeating the transferring step 
with the second donor layer. In one aspect of this embodi 
ment, the second donor layer comprises a colorant different 
from the colorant of the ?rst donor layer. In another aspect of 
this embodiment, at least a portion of the composite image 
exhibits colors similar to the colorants in the ?rst donor sub 
strate and the second donor substrate. In another aspect of this 
embodiment, at least a portion of the composite image exhib 
its a color similar to a mixture of the colorants in the ?rst 
donor substrate and the second donor substrate. In yet another 
aspect of this embodiment, at least a portion of the composite 
image exhibits a multicolored composite image. 

In yet another embodiment of the above method, the 
method provides sheeting made by the method. In one aspect 
of this embodiment, the sheeting further comprises an adhe 
sive layer for applying the sheeting to a substrate. In one 
aspect of this embodiment, the sheeting is adhered to a sub 
strate. In another aspect of this embodiment, the substrate is a 
document, a sign, an identi?cation card, a container, currency, 
a display, a credit card, or the sheeting is used for advertising, 
decoration, authentication, or identi?cation purposes. In yet 
another embodiment of the above method, the composite 
image also appears to the unaided eye to be at least in part in 
the plane of the sheeting. 

Another aspect of the present invention provides a sheet 
ing. In this particular embodiment, the sheeting comprises: an 
array of microlenses; a material layer adjacent the array of 
microlenses; a ?rst donor material in contact with the material 
layer, where the donor material forms individual, partially 
complete images on the material layer associated with each of 
a plurality of the microlenses, whereby the sheeting exhibits 
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4 
a composite image, provided by the individual images, that 
appears to the unaided eye to ?oat above or below the sheet 
ing, or both. 

In one embodiment of the above sheeting, the composite 
image appears under re?ected light to ?oat above the sheet 
ing. In another embodiment of the above sheeting, the com 
posite image appears in transmitted light to ?oat above the 
sheeting. In another embodiment of the above sheeting, the 
composite image appears under re?ected light to ?oat below 
the sheeting. In another embodiment of the above sheeting, 
the composite image appears in transmitted light to ?oat 
below the sheeting. In yet another embodiment of the above 
sheeting, at least part of the composite image ?uoresces and/ 
or phosphoresces and appears to the unaided eye to ?oat 
above or below the sheeting or both. In another embodiment 
of the above sheeting, the composite image also appears to the 
unaided eye to be at least in part in the plane of the sheeting. 

In another embodiment of the above sheeting, the ?rst 
donor material comprises a colorant. In one aspect of this 
embodiment, at least a portion of the composite image exhib 
its a color similar to the colorant in the donor material. In 
another embodiment of the above sheeting, the donor mate 
rial comprises radiation sensitive material. In yet another 
embodiment of the above sheeting, the donor material com 
prises a metallic radiation sensitive material. In another 
embodiment of the above sheeting, the donor material com 
prises a nonmetallic radiation sensitive material. In another 
embodiment of the above sheeting, the sheeting is an exposed 
lens sheeting. In another embodiment of the above sheeting, 
the sheeting is an embedded lens sheeting. 

In yet another embodiment of the above sheeting, the com 
posite image is perceptible across a viewing angle of less than 
one hundred ?fty (150) degrees. In another embodiment of 
the above sheeting, the composite image appears to move 
relative to the sheeting as the viewing position changes rela 
tive to the sheeting. In another embodiment of the above 
sheeting, the composite image disappears and reappears 
when the angle at which the sheeting is viewed changes. In 
another embodiment of the above sheeting, the color of the 
composite image changes relative to a viewing angle of less 
than one hundred ?fty (150) degrees. In another embodiment 
of the above sheeting, the sheeting comprises more than one 
composite image. In another embodiment of the above sheet 
ing, the composite image is a two-dimensional image. In yet 
another embodiment of the above sheeting, the composite 
image is a three-dimensional image. 

In another embodiment of the above sheeting, the sheeting 
further comprises a second donor material adjacent the mate 
rial layer, where the second donor material forms individual, 
partially complete images on the sheeting associated with 
each of a plurality of the microlenses. In one aspect of this 
embodiment, the second donor material comprises a colorant 
different from the colorant of the ?rst donor material. In 
another aspect of this embodiment, at least a portion of the 
composite image exhibits colors similar to the colorants in the 
?rst donor material and the second donor material. In another 
aspect of this embodiment, at least a portion of the composite 
image exhibits a color similar to a mixture of the colorants in 
the ?rst donor material and the second donor material. 

In another embodiment of the above sheeting, the ?rst 
donor material comprises a colorant and provides a ?rst com 
posite image, and where the second donor material provides 
a second composite image that ?uoresces and/or phospho 
resces. In another embodiment of the above sheeting, the 
sheeting further comprises an adhesive layer for applying the 
sheeting to a substrate. In one aspect of this embodiment, the 
sheeting is adhered to a substrate. In another aspect of this 
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embodiment, the substrate is a document, a sign, an identi? 
cation card, a container, a display, a credit card, or where the 
sheeting is used for advertising, decoration, authentication or 
identi?cation purposes. 

In another embodiment of the above sheeting, the compos 
ite image also appears to the unaided eye to be at least in part 
in the plane of the sheeting. In another embodiment of the 
above sheeting, where the sheeting includes a window with 
out the presence of microlenses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described herein with reference to the 
appended drawings, in which: 

FIG. 1 is an enlarged cross sectional view of a microlens 
sheeting comprising a plano-convex base sheet; 

FIG. 2 is an enlarged cross sectional view of an “exposed 
lens” microlens sheeting; 

FIG. 3 is an enlarged cross sectional view of an “embedded 
lens” microlens sheeting; 

FIGS. 4a and 4b schematically illustrate one embodiment 
of the method in accordance with the present invention using 
a ?rst donor sheet; 

FIGS. 5a and 5b schematically illustrate another embodi 
ment of the method illustrated in FIG. 4, except using a 
second donor sheet; 

FIG. 6 schematically illustrates an apparatus for use with 
another embodiment of the methods illustrated in FIGS. 4 and 

5; 
FIG. 7 is a plan view of a section of a microlens sheeting 

depicting sample images recorded in the material layer asso 
ciated with individual microlenses made by the method of the 
present invention, and further showing that the recorded 
images range from complete replication to partial replication 
of the composite image; 

FIG. 8 is a photograph of a portion of microlens sheeting 
illustrating at least two composite images that appear to ?oat 
above or below the sheeting in accordance with the present 
invention; 

FIG. 9 is a photomicrograph of a portion of the backside of 
the microlens sheeting of FIG. 8 that has been imaged by one 
embodiment of the method in accordance with the present 
invention, illustrating individual, partially complete images; 
which viewed together through the microlenses provide a 
composite image that appears to ?oat above or below the 
sheeting in accordance with the present invention; 

FIG. 10 is a geometrical optical representation of the for 
mation of a composite image that appears to ?oat above the 
microlens sheeting; 

FIG. 11 is a schematic representation of a sheeting having 
a composite image that appears to ?oat above the inventive 
sheeting when the sheeting is viewed in re?ected light; 

FIG. 12 is a schematic representation of a sheeting having 
a composite image that appears to ?oat above the inventive 
sheeting when the sheeting is viewed in transmitted light; 

FIG. 13 is a geometrical optical representation of the for 
mation of a composite image that when viewed will appear to 
?oat below the microlens sheeting; 

FIG. 14 is a schematic representation of a sheeting having 
a composite image that appears to ?oat below the inventive 
sheeting when the sheeting is viewed in re?ected light; 

FIG. 15 is a schematic representation of a sheeting having 
a composite image that appears to ?oat below the inventive 
sheeting when the sheeting is viewed in transmitted light; and 
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6 
FIG. 16 illustrates one embodiment of the sheeting of the 

present invention attached to a substrate. 

DETAILED DESCRIPTION OF THE INVENTION 

The microlens sheeting of the present invention and the 
method of imaging the same produces a composite image, 
provided by individual partially complete images and/or indi 
vidual complete images associated with a number of the 
microlenses, that appears to be suspended, or to ?oat above, in 
the plane of, and/ or below the sheeting. These suspended 
images are referred to for convenience as ?oating images, and 
they can be located above or below the sheeting (either as two 
or three-dimensional images), or can be a three-dimensional 

image that appears above, in the plane of, and below the 
sheeting. The images can be in black and white or in color, 
and can appear to move with the observer. Unlike some holo 
graphic sheetings, imaged sheeting of the present invention 
cannot be used to create a replica of itself. Additionally, the 
?oating image(s) can be observed by a viewer with the 
unaided eye. 
The sheeting, imaged by the methods of the present inven 

tion, has a composite image as described and may be used in 
a variety of applications such as securing tamperproof images 
in passports, ID badges, event passes, a?inity cards, product 
identi?cation formats, currency, and advertising promotions 
for veri?cation and authenticity, brand enhancement images 
which provide a ?oating or sinking or a ?oating and sinking 
image of the brand, identi?cation presentation images in 
graphics applications such as emblems for police, ?re or other 
emergency vehicles; information presentation images in 
graphics applications such as kiosks, night signs and automo 
tive dashboard displays; and novelty enhancement through 
the use of composite images on products such as business 
cards, hang-tags, art, shoes and bottled products. 
The present invention further provides an inventive method 

of forming imaged sheeting containing the described com 
posite images. In one embodiment, a single composite image 
is formed. Embodiments are also disclosed in which two or 
more composite images are formed, as well as composite 
images that appear to be above, below, or in the plane of the 
sheeting. Other embodiments could consist of combinations 
of conventionally printed images and composite images 
formed by this invention. 
US. Pat. No. 6,288,842 (Florczak et al.) discloses that 

?oating images on microlens sheeting are created as a result 
of a compositional change, a removal or ablation of the mate 
rial, a phase change, or a polymerization of the coating dis 
posed adjacent to one side of the microlens layer or layers. In 
contrast, the present inventive method creates ?oating images 
on microlens sheeting by the addition of material on the 
microlens sheeting. 

Microlens sheeting in which the images of this invention 
can be formed comprise one or more discrete layers of micro 
lenses with a layer of material adjacent to one side of the 
microlens layer or layers. For example, FIG. 1 illustrates one 
embodiment of a suitable type of microlens sheeting 10a. 
This sheeting comprises a transparent base sheet 8 having ?rst 
and second broad faces, the second face 2 being substantially 
planer and the ?rst face 11 having an array of substantially 
spherical or aspherical microlenses 4. A layer of material 14 
is optionally provided on the second face 2 of the base sheet 
8. The layer of material 14 includes a ?rst side 6 for receiving 
donor material as described in more detail below. FIG. 2 
illustrates another embodiment of a suitable type of microlens 
sheeting 10b. The shape of the microlenses and thickness of 
the base sheet and their variability are selected such that light 
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appropriate for viewing the sheeting is focused approxi 
mately at the ?rst face 6. In this embodiment, the microlens 
sheeting is an “exposed lens” type of microlens sheeting 10b 
that includes a monolayer of transparent micro spheres 12 that 
are partially embedded in a material layer 14, which is also 
typically a bead binder layer, such as a polymeric material. 
The layer of material 14 includes a ?rst side 6 for receiving 
donor material as described in more detail below. The micro 
spheres 12 are transparent both to the wavelengths of radia 
tion that may be used to image the donor substrate material 
(explained in more detail below), as well as to the wave 
lengths of light in which the composite image will be viewed. 
This type of sheeting is described in greater detail in US. Pat. 
No. 3,801,183, except where the bead bond layer is very thin, 
for instance, to the extent where the bead bond layer is only 
between the beads, or occupying the interstitial spaces 
between the beads. Alternatively, this type of sheeting can be 
made by using microspheres of an appropriate optical index 
for focusing radiation approximately on the ?rst side 6 of the 
layer of material 14 when the bead bond is of the thickness 
taught in US. Pat. No. 3,801,183. Such microspheres include 
polymethyl methylacrylate beads, which are commercially 
available from Esprix Technologies based in Sarasota, Fla. 

FIG. 3 illustrates another embodiment of a suitable type of 
microlens sheeting 100. In this embodiment, the microlens 
sheeting is an “embedded-lens” type of sheeting 100 in which 
the microsphere lenses 22 are embedded between a transpar 
ent protective overcoat 24, which is typically a polymeric 
material, and a material layer 14, which is also typically a 
bead binder layer, such as a polymeric material. The layer of 
material 14 includes a ?rst side 6 for receiving donor material 
as described in more detail below. This type of sheeting is 
described in greater detail in US. Pat. No. 3,801,183, except 
that the re?ective layer and adhesive would be removed, and 
the spacing layer 14 is reformulated so as to be less conformal 
to the curvature of the microspheres. 

The microlenses of the sheeting 10 preferably have image 
forming refractive elements in order for image formation 
(described in more detail below) to occur; this is generally 
provided by forming spherically or aspherically shaped fea 
tures. Other useful materials that provide a gradient refractive 
index (GRIN) will not necessarily need a curved surface to 
refract light. The microlenses may have any symmetry, such 
as cylindrical or spherical, provided real images are formed 
by the refraction surfaces. The microlenses themselves can be 
of discrete form, such as round plano-convex lenslets, round 
double convex lenslets, Fresnel lenslets, diffractive lenslets, 
rods, microspheres, beads, or cylindrical lenslets. Materials 
from which the microlenses can be formed include glass, 
polymers, minerals, crystals, semiconductors and combina 
tions of these and other materials. Non-discrete microlens 
elements may also be used. Thus, microlenses formed from a 
replication or embossing process (where the surface of the 
sheeting is altered in shape to produce a repetitive pro?le with 
imaging characteristics) can also be used. 

Microlenses with a uniform refractive index of between 1.4 
and 3.0 over the visible and infrared wavelengths are pre 
ferred and more preferably, between 1 .4 and 2.5, although not 
required. The refractive power of the microlenses, whether 
the individual microlenses are discrete or replicated, and 
regardless of the material from which the microlenses are 
made, is preferably such that the light incident upon the 
optical elements will focus on or near the ?rst side 6 of the 
material layer 14. In certain embodiments, the microlenses 
preferably form a demagni?ed real image at the appropriate 
position on that layer. The construction of the microlens 
sheeting provides the necessary focusing conditions so that 
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8 
energy incident upon the front surface of the microlens sheet 
ing is approximately focused upon a separate donor layer that 
is preferably radiation sensitive, which is described in more 
detail below. 

Microlenses with diameters ranging from 15 micrometers 
to 275 micrometers are preferable, though other sized micro 
lenses may be used. Good composite image resolution can be 
obtained by using microlenses having diameters in the 
smaller end of the aforementioned range for composite 
images that are to appear to be spaced apart from the micro 
lens layer by a relatively short distance, and by using larger 
microlenses for composite images that are to appear to be 
spaced apart from the microlens layer by larger distances. 
Other microlenses, such as plano-convex, spherical or 
aspherical microlenses having lenslet dimensions compa 
rable to those indicated for the microlenses, can be expected 
to produce similar optical results. Cylindrical lenses having 
lenslet dimensions comparable to those indicated for the 
microlenses can be expected to produce similar optical 
results, although different or alternative imaging optics train 
may be required. 
As noted above, a layer of material 14 in FIGS. 1, 2 and 3 

may be provided adjacent to the microlenses in the microlens 
sheeting 10. Suitable materials for the material layer 14 in the 
sheeting 10 include silicone, polyester, polyurethane, poly 
carbonate, polypropylene, or any other polymer capable of 
being made into sheeting or being supported by the base sheet 
8. In one embodiment, the sheeting 10 may include a micro 
lens layer and a material layer that are made from different 
materials. For example, the microlens layer may include acry 
lates, and the material layer may include polyester. In other 
embodiments, the sheeting 10 may include a microlens layer 
and a material layer that are made from the same materials. 
For example, the microlens and material layer of the sheeting 
10 may be made of silicone, polyester, polyurethane, poly 
carbonate, polypropylene, or any other polymer capable of 
being made into sheeting, and may be formed by methods of 
mechanical embossing, replication or molding. 
As described in more detail in reference to FIGS. 4 and 5 

below, individual, partially complete images are formed on 
the material layer 14 associated with a plurality of micro 
lenses using a donor substrate material, which, when viewed 
by an observer in front of said microlenses under re?ected or 
transmitted light, provides a composite image that appears to 
be suspended, or ?oat, above, in the plane of, and/ or below the 
sheeting. Although other methods may be used, the preferred 
method for providing such images is to provide a radiation 
sensitive donor material, and to use radiation to transfer that 
donor material in a desired manner to provide the individual, 
partially complete images on the ?rst side of the layer of 
material. This transfer process could include meltstick, sub 
limation, additive ablation (material transfer to a substrate by 
ablating a donor), diffusion and/or other physical material 
transfer processes. 

Suitable radiation sensitive donor material substrates use 
ful for this invention include substrates coated with colorants 
in a binder, with or without additional radiation sensitive 
materials. The donor materials could be provided in bulk form 
or in roll form. As used in reference to the present invention, 
donor substrate material is “radiation sensitive” if, upon 
exposure to a given level of radiation, a portion of the donor 
material exposed transfers or preferentially adheres to a dif 
ferent location. The individual, partially complete images 
(illustrated in FIGS. 7 and 9) are created as a result of an at 
least partial or complete removal of the radiation sensitive 
donor substrate material or colorant material from the donor 
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substrate and the subsequent transfer of the donor substrate 
material or colorant material to the material layer of the 
microlens sheeting 10. 

In one embodiment, the donor substrate includes colorants 
providing color within the visible spectrum, such as pig 
ments, dyes, inks, or a combination of any or all of these to 
provide color composite ?oating images, such as those illus 
trated in FIG. 8. The pigments or dyes may be phosphorescent 
or ?uorescent. Alternatively, the colorants in the donor mate 
rials may also appear metallic. The color of the resulting 
?oating image is generally similar to the color of the colorant 
in the donor substrate, if the transferred donor substrate com 
ponents are thermally stable and only small chemical or com 
positional changes occur upon transfer. In addition, the color 
of the resulting composite ?oating image may be the same as 
the color of the colorant in the donor substrate. In yet another 
embodiment, the donor substrates may include macroscopic 
patterns of different colorants, such as stripes or zones of 
different colors throughout the substrate or multicolored sub 
strates. In alternative embodiments, the donor substrate is not 
required to include colorants providing color in the visible 
spectrum, and instead, the resulting composite ?oating 
images would appear colorless. Such donor substrates could 
contain colorless ?uorescing dyes or phosphorescent materi 
als, creating composite images visible only during or after 
exposure to speci?c wavelengths, or in the case of phospho 
rescent materials, during and for a duration after exposure to 
the wavelengths. Alternatively, such donor substrates may 
contain colorless materials that may or may not have a refrac 
tive index different than the material layer 14. A composite 
image formed from such donor materials may be only slightly 
visible when viewed in ambient lighting as in FIG. 11; how 
ever, it may appear to shine brighter than the re?ections off of 
the nonimaged area of surface 6 when viewed with light 
substantially perpendicular to surface 6. All donor substrates 
may optionally include additives that increase the substrate 
sensitivity to imaging radiation and ultimately aid in the 
transfer of the material, or said substrates may include a 
re?ective and/ or absorbing layer underneath at least the colo 
rant to increase absorption of the radiation. FIG. 4a schemati 
cally illustrates one embodiment of the method of forming a 
composite image on the microlens sheeting 10 in accordance 
with the present invention. The method includes using a 
radiation source 30. Any energy source providing radiation of 
the desired intensity and wavelength may be used as radiation 
source 30 with the method of the present invention. In one 
embodiment, radiation devices capable of providing radiation 
having a wavelength of between 200 nanometers and 11 
micrometers are preferred, and more preferably, between 270 
nanometers and 1.5 micrometers. Examples of high peak 
power radiation sources useful for this invention include pas 
sively Q-switched microchip lasers, and the family of 
Q-switched Neodymium doped lasers, and their frequency 
doubled, tripled, and quadrupled versions of any of these 
lasers, and Titanium doped-sapphire (abbreviated Ti:sap 
phire) lasers. Other examples of useful radiation sources 
include devices that give low peak power such as laser diodes, 
ion lasers, non Q-switched solid state lasers, metal vapor 
lasers, gas lasers, arc lamps and high power incandescent 
light sources. 

For all useful radiation sources, the energy from the radia 
tion source 30 is directed toward the microlens sheeting mate 
rial 10 and controlled to give a highly divergent beam of 
energy. For energy sources in the ultraviolet, visible, and 
infrared portions of the electromagnetic spectrum, the light is 
controlled by appropriate optical elements, known to those 
skilled in the art. In one embodiment, a requirement of this 
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10 
arrangement of optical elements, commonly referred to as an 
optical train, is that the optical train direct light toward the 
sheeting material with appropriate divergence or spread so as 
to produce a “cone” of radiation irradiating the microlenses at 
the desired angles, thus irradiating the donor material aligned 
to said microlenses. The composite images of the present 
invention are preferably obtained by using radiation spread 
ing devices with numerical apertures (de?ned as the sine of 
the half angle of the maximum diverging rays) of greater than 
or equal to 0.3, although smaller numerical aperture illumi 
nation may be used. Radiation spreading devices with larger 
numerical apertures produce composite images having a 
greater viewing angle, and a greater range of apparent move 
ment of the image. In alternative embodiments, the optical 
train may additionally contain elements to prevent radiation 
in an angular portion or portions of the cone of radiation. The 
resulting composite image(s) are only viewable over angles 
corresponding to the unblocked angular sections of the modi 
?ed cone. Multiple composite images may be created at sepa 
rate angular sections of the modi?ed cone if desired. Using 
the modi?ed cone and its inverse, one can produce a compos 
ite image that changes from one color to another as the sample 
is tilted. Alternatively, multiple composite images can be 
produced in the same area causing the individual images to 
appear and disappear as the sample is tilted. 
An exemplary imaging process according to the present 

invention includes the following steps, as illustrated in FIGS. 
4a and 4b. FIG. 4a illustrates the imaging process by the 
radiation source, and FIG. 4b illustrates the resulting sheeting 
10 after the imaging process. First, a microlens sheeting 10 is 
provided, such as the microlens sheeting 10a, 10b, 100 illus 
trated in FIGS. 1-3. FIG. 4a illustrates the use of microlens 
sheeting 1011, however, microlens sheeting 10b or 100 may be 
used in the process. Next, a ?rst donor substrate 40a is pro 
vided, such as the donor substrates described above. Next, the 
microlens sheeting 10 is positioned adjacent or orientated 
next to the donor substrate 40a, such that the microlens sheet 
ing 10 is between the radiation source 30 and the donor 
substrate 4011. In one embodiment, the microlens sheeting 10 
and donor substrate 40a are in close proximity to each other. 
In another embodiment, the microlens sheeting 10 and donor 
substrate 4011 are in contact with one another or pressed 
against each other, for instance by gravity, mechanical means, 
or pressure gradients produced by a vacuum source 36, as 
illustrated in FIG. 4a. In yet another embodiment, micro struc 
tures 44 are between the microlens sheeting 10 and donor 
substrate 40a to provide a generally uniform gap or space 
between the microlens sheeting 10 and the donor substrate 
40a. The microstructures 44 may be independent microstruc 
tures that are positioned between the microlens sheeting 10 
and the donor substrate 40a. Examples of such independent 
microstructures 44 include polymethylmethacrylate spheres, 
polystyrene spheres, and silica spheres, all of which are com 
mercially available from Esprix Technologies based in Sara 
sota, Fla. Alternatively, the microstructures 44 may extend 
from either the donor substrate 40a towards the microlens 
sheeting 10 or from the ?rst side 6 of the layer of material 14 
in the sheeting 10. Examples of suitable donor substrates 40 
including such microstructures 44 include KodakTMApproval 
media and Matchprint Digital Halftone media, commercially 
available from Kodak Polychrome Graphics located in Nor 
walk, Conn. Suitable microlens sheeting including such 
microstructures 44 are readily made, such as by replication, 
by those skilled in the art. Regardless, there is preferably a 
generally uniform spacing distance or gap between the micro 
lens sheeting 10 and the donor substrate 4011 which is deter 
mined and controlled by the size, spacing, arrangement and 


















